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Chapter 2: Technical Review of Collagen
Proteins

Proteins are natural polymers, which make up about 15% of our bodies (dry weight). The building 
blocks of all proteins are α-amino acids. The alpha (α) is derived from the fact that the amino group (–NH2) 
is always attached to the α-carbon, which is bonded to the carboxyl group (–CO2H). Amino acids are joined 
together into proteins via condensation reactions in which the amine group of one amino acid reacts with 
the carbonyl group of another amino acid. In this reaction, a peptide bond is formed and a molecule of 
water is liberated (condensation). As the reaction proceeds repetitively, a polypeptide is produced and, 
eventually, a protein. 

The structure of a given protein can be divided into 3 and sometimes 4 categories: primary, secondary, 
tertiary, and quaternary. 

• Primary structure is simply the sequence and identity of amino acids making up the polypeptide. 

• Secondary structure refers to the arrangement of the chain of the long molecule, which is determined 
to a great extent by hydrogen bonding (H-bonding) between lone electron pairs on the carbonyl 
oxygen of an amino acid and a hydrogen atom attached to nitrogen on another amino acid. Well-
known examples are α-helices and β-strands. 

• Tertiary structure refers to the overall 3-dimensional shape of the protein, which can be narrow 
and long or globular. Tertiary structure results from several types of interactions: charge based, 
hydrophobic based, and Van der Waals forces. A well-known example of a covalent bond occurs when 
2 cysteines (amino acids) combine to form a disul ide linkage (S-S), resulting in a cystine residue. 

• Quaternary structure refers to the interaction of 2 or more separate protein chains, resulting in a 
larger conglomeration with a speci ic function (hemoglobin is an example). 

Collagen 

Collagen plays an important structural role in many biological tissues such as, skin, tendon, bone, teeth, 
cartilage, and the cardiovascular system [1]. Two of the main classes of extracellular macromolecules 
that make up the extracellular matrix are the collagens and the heteropolysaccharides known as 
glycosaminoglycans (GAGs), which are usually covalently linked to protein to form proteoglycans [2]. 
Collagen is the major protein of the extracellular matrix and is the most abundant protein found in 
mammals, comprising 25% of the total protein and 70% to 80% of skin (dry weight). Collagen acts as a 
structural scaffold within tissues. The central feature of all collagen molecules is their stiff, triplestranded 
helical structure [3]. 

Three collagen polypeptide chains, called α-chains, are wound around each other in a regular triple-
stranded helix to generate a ropelike collagen molecule approximately 300 nm (3,000 Å) long and 1.5 nm 
(15Å) in diameter. The length of the   helical regions and individual αchains varies among collagen types. 
The major types of collagen molecules are referred to as types I, II, III, IV, and V. Types I, II, and III are the 
main types found in connective tissue and constitute 90% of all collagen in the body. After being secreted 
into the extracellular spaces, types I, II, and III assemble into insoluble micro- ibrils consisting of 5 triple 
helical molecules [4]. The micro- ibrils then form collagen ibrils, which are long (up to many micrometers), 
thin (10 to 300 nm in diameter), cablelike structures [2]. 



A Historical Review of Enzymatic Debridement: Revisited

Published: June 25, 2019 010

Hulmes, 2002 [4], depicts the molecular packing in collagen ibrils (Figure 1). (a) Longitudinal view 
of collagen molecules. Each molecule can be considered as consisting of ive molecular segments 1 to 5. 
(b) Transverse section of the radial packing model [5] showing molecules in cross section. (c) Enlarged 
view of the boxed area in (b) showing molecules grouped together in the form of micro- ibrils. Molecular 
segments are indicated in groups of ive, corresponding to individual micro- ibrils in transverse section. 
The aforementioned ibrils are often grouped into larger bundles called collagen ibers (Figure 2). 

The collagen polypeptide chains are synthesized on membrane bound ribosomes and injected into 
the lumen of the endoplasmic reticulum (ER) as larger precursors called pro–α chains. These precursors 
contain extra amino acids, extension peptides, at both the amino and carboxyl- terminal ends, which are 
stabilized by disul ide bridges [2]. The extension peptides are cleaved after excretion into the extracellular 
space. These resultant shortened products align head-to-tail longitudinally and aggregate laterally in a 
characteristic quarter-staggered manner to form banded polymers or ibrils [6,7]. 

The reason for several of the posttranslational changes is not fully understood. However, the 
hydroxylation of proline, an amino acid which is a major constituent of collagen, is essential for proper 
folding of the chains into the precise triple helical structure that is essential for the molecule to assemble 
into a collagen molecule [6]. In the lumen of the ER, each pro– α chain combines with 2 others to form an 
H-bonded, triple-stranded, helical molecule— collagen [2]. A total of 43 α-chains have been identi ied, 
most of which are expressed in skin [8-10]. 

Figure 1: (a) Longitudinal view of collagen molecules. Each molecule can be considered as consisting of fi ve molecular segments 1 to 5. (b) Transverse section of the radial 
packing model [5] showing molecules in cross section. (c) Enlarged view of the boxed area in (b) showing molecules grouped together in the form of micro-fi brils.
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Figure 2: Overview of the structure of a collagenous fi ber.
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Collagen is unique among proteins in that every third amino acid of the peptide chain is glycine, the 
smallest amino acid. Each of the 3 polypeptide chains (α chains) contains about 1,000 amino acids, so the 
structure of each chain can be considered to be approximately 330 repeating units of glycine–X–Y (where 
X and Y represent neutral amino acids). Although proline accounts for about 10% of the total amino acid 
content of collagen, it is found only rarely in other animal proteins [11]. One source describes 10.5% of 
the collagen molecule being comprised by the glycine-proline-hydroxyproline triplet [12]. Another source 
mentions that 23% of the molecule is comprised of a combination of proline & hydroxyproline [13]. Yet, a 
more recent source describes proline ~28%; hydroxyproline ~38% of the collagen molecule [14]. At any 
rate, this triplet is unique to collagen molecules. At least twenty nine types of collagen (designated) are 
found in vertebrates [8-10,15]. 

• The best-known types (I, II, and III) each consist of 3 polypeptides, called α chains. Each chain has 
the general structure (Gly-X-Y)330, with the 3 chains wrapped around each other in a ropelike triple 
helix. 

• Type I collagen consists of 2 identical αchains (α1), and a slightly different chain, called α2. 

• Types II and III collagen each contain distinctive α chains, but the 3 chains in each molecule of type 
II or type III collagen are identical. 

• Basement membranes contain collagen that has been named type IV and there are several kinds of 
type IV (made up 6 different types of α chains) in different basement membranes. 

 As early as 1963 Haurowitz [11] described the rod-like structure of the collagen molecule as being 
distinguished from most proteins, which tend to be rounded or globular (i.e., the globulins). A number 
of features of collagen biosynthesis also distinguish it from other proteins. One unusual characteristic 
of collagen biosynthesis is that there are a large number of posttranslational modi ications made to the 
molecule; that is, the protein is irst synthesized as a precursor polypeptide chain. The polypeptide chains 
must then be “processed” through a number of enzymatic steps, all of which occur after the information 
carried by messenger RNA (mRNA) has been translated and which are essential to producing collagen in 
its inal form. Some of these posttranslational changes occur in the collagen-producing cell; others occur 
extracellularly [7]. 

Most of the enzymes involved in these modi ications of polypeptide chains have been well characterized, 
and their roles are well de ined. The irst step in the formation of the collagen molecule is the reading of the 
template mRNA by polysomes, or polyribosomes, bound to membranes of the rough ER. The polysomes 
assemble amino acids into polypeptide chains, which are in fact about 50% longer than the α chains of 
collagen and are called pro-α chains. The pro-α chains are longer than α chains, because they contain 
additional amino acid sequences at both ends and form the precursor molecule known as pro-collagen. 
These additional amino acid sequences at the end of pro-collagen must be cleaved by speci ic enzymes to 
yield the collagen molecule. As polysomes assemble pro-α chains, the newly formed amino-terminal ends 
pass into the cisterna/lumen of the rough ER, where the irst posttranslational steps begin to occur. 

As previously mentioned, one step is the hydroxylation of peptidyl-proline. Approximately 100 residues 
are converted to hydroxyproline in this step. Hydroxylation of 5 to 20 peptidyl-lysine residues into 
hydroxylysine also begins. Hydroxylation probably continues even after the carboxyl-terminal extension 
(which is the inal portion of the pro-α chain) has been released by the polysome. After the pro-α chains 
enter into the cisternae, interchain disul ide bonds form. 

While the molecules are still in the ER, galactose and glucose residues are added to the hydroxylysine 
residues, and still other sugars are attached to the terminal extensions. This glycosylation may continue 
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during or after the next step, which is the passage of the molecules from the ER into the Golgi vacuoles. 
Once posttranslational modi ications are completed, the collagen regions of the pro-α chains fold into a 
triple helix (this domain of the molecule becomes a rigid rod). Finally, the pro-collagen molecule is secreted 
from the cell in transport vesicles/vacuoles. 

As previously mentioned, although the reasons for several of the posttranslational modi ications 
remain unclear, it is known that the hydroxylation of proline is essential for correct folding of the chains 
into the precise triple helical structure that is essential for the molecule to assemble into a collagen iber. 
If the chains do not form such helixes within the cell, they are secreted only very slowly and come out as 
nonfunctional protein. Additional posttranslational modi ications occur after the pro-collagen is secreted 
through the cell’s plasma membrane into the extracellular space. 

The irst such modi ication is removal, by 2 or more proteases, of the amino- and carboxyterminal 
extensions from pro-collagen in order to convert it to collagen. These extensions probably have played 
important roles in the assembly of the triple helix, especially in controlling the rate. They probably also 
have other functions, such as preventing premature formation of ibers or formation before the protein is 
secreted. Then, following the removal of the extensions, the collagen molecules form into ibers. 

The process by which collagen forms ibers is a dramatic, spontaneous self-assembly process. The 
information for determining the structure of the iber is provided entirely by the amino acid sequences 
and the conformation of the collagen molecule. For the iber to achieve its normal strength; however, 
chemical cross-links must be introduced to link the molecules in the iber to each other. This occurs through 
deamination of the hydroxylysine and lysine residues to produce aldehydes; cross-links are formed by 
reaction of either 2 aldehydes or 1 aldehyde and 1 amino group on adjacent molecules. This type of cross-
linking (isopeptide bond formed by transglutaminase) is unique to collagen and elastin [7]. 

We see the main steps and enzymes involved in collagen biosynthesis [10] (Figure 3).

1. Cleavage of the signal peptide (not shown) 

2. Hydroxylation of speci ic proline and lysine residues by a series of enzymes 

Figure 3: Main steps and enzymes involved in collagen biosynthesis [10].
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3. Glycosylation of certain asparagine residues in the C-peptide 

4. Formation of intramolecular and intermolecular disul ide bonds via protein disul ide isomerase. 

5. Assembly of the triple helix is formed in the C-terminal region after the C propeptides of three 
α-chains become registered with each other and ~ 100 proline residues in each α-chain have been 
hydroxylated to 4-hydroxyproline. 

6. Triple helix formation proceeds toward the N-terminus in a zipper-like fashion. 

7. Procollagen molecules are transported from the ER to Golgi, where they begin to associate laterally 
and exit the cell via secretory vesicles. 

8. Cleavage of N and C propeptides and spontaneous self-assembly of the collagen molecules into 
ibrils, and formation of cross-links. 

 From here the collagen ibrils are organized into large collagen ibers (readily detected in the connective 
tissue of the dermis) which are well-organized polymers composed of speci ic and distinct collagen types, 
the most abundant being type I collagen. Collagen ibers are arranged at right angles or orthogonal laminae. 
The ibril diameter is remarkably constant in a given layer, and every layer is turned 900, so the ibers in 
any layer are arranged orthogonally to the layer immediately above and below it, thereby conferring 3600 
resistance to physical stress. This orderly array of ibers is extraordinarily effective in maintaining the 
structural integrity of connective tissue [6]. 

The tensile strength of collagen is remarkable: a iber 1 mm in diameter can hold a load of 10 to 40 kg 
without breaking [11]. Collagen is physiologically stable. Disruption of ibrils only begins at temperatures 
above 500C. Onset of the transition occurs at (58 +/-10)0C and the main transition occurs at (65 +/- 10)0C. 
The main transition corresponds to the process of gelatinization of collagen in a hydrated environment and 
is caused by the breaking of internal cross-links [1]. Fibrillar collagen is chemically resistant as well. It is 
essentially insoluble under physiological conditions. It is resistant to the degradative effects of a wide range 
of naturally occurring enzymes such as trypsin and chymotrypsin. Collagen types I and III are principal 
connective tissue proteins of the dermal tissues and are abundant in tendon, bone, and blood vessels. 
Type II collagen is a cartilage-speci ic protein that is also present in vitreous humor and cornea of the eye. 
All forms of collagen, along with the other components of connective tissue, such as glycosaminoglycans, 
proteoglycans, elastin, micro ibrils, laminins, tenascins, ibronectin, and many others interact by speci ic 
chemical bonding and in a precise architectural orientation to yield the inal form of tissue [6]. 

Twenty-nine genetically distinct types of collagen comprising 43 unique α-chains have been identi ied 
in vertebrates. The vast majorities of these collagens exist in humans and based upon domain organization 
and other structural features can be categorized: 

Fibril-forming collagens (types I, II, III, V, XI, XXIV, XXVII). 

• Fibril-associated collagens with interrupted triple helices (IX, XII, XIV, XVI, XIX, XX, XXI, XXII, XXVI). 

• Collagens capable of forming hexagonal network (e.g., VIII, X). 

• Basement membrane collagen (IV). 

• Collagens that assemble into beaded ilaments (e.g., type VI). 

• Anchoring iber-forming collagens (e.g., VII). 

• Plasma membrane-spanning collagens (XIII, XVII, XXIII, XXV). 

• Collagens with unique domain organization (XV, XVIII). 
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 The following is a tabulation of the various types of collagen, their respective constituent αchains, and 
tissue distribution [8-10,15] (Table 1). 

In contrast to keratin and most other proteins found in the body, collagen is free of cystine, cysteine, 
and tryptophan, and contains only very small amounts of tyrosine and methionine. 

Keratin can be solubilized by reduction of the dithio groups of its cystine residues and can thus be 
removed from insoluble collagen. Sul ides, sulfates, thioglycolic acid, and other reducing agents will act 
as denaturants. Another unusual feature of collagen is the presence of a branched chain in which lysine 
residues form the points of rami ication [11]. 

Collagen is a substrate for the bacterial enzyme, collagenase. This enzyme requires for its action the 
presence of the sequence Gly-X-Y (where X = proline and Y= hydroxyproline). In early work utilizing the 
swim bladder of carp, Haurowitz, 1963 [11], determined that the action of Clostridum histolyticum has very 
little initial effect on the molecular weight of the soluble collagen, lowering it from 1.92 × 106 Da to 1.22 
× 106 Da; however, it lowers the viscosity considerably and causes a collapse of the rigid multi-stranded 
collagen structure. This initial phase is followed by breakdown peptides of an average molecular weight 
close to 500kDa. 

Elastase produced by human neutrophils is capable of catalyzing the same cleavage in human type III 
collagen as does trypsin, as long as there is an ‘unwound’ portion of the triple helix that allows access. This 
cleavage by neutrophil elastase is relatively slow, but since neutrophils can be present in large numbers 
during the in lammatory stages of wound healing, the enzyme concentration could be quite high [6]. 

Table 1: Tabulation of the various types of collagen, their respective constituent αchains, and tissue distribution [8-10,15]. 
Type α-Chains Tissue Distribution 

I α1, α2 Most connective tissues, especially bone, tendon, ligament. 
II α1 Cartilage, vitreous humor, cornea 
III α1 Tissues containing collagen I, except bone and tendon 
IV α1, α2, α3, α4, α5, α6 Basement membranes (BM) 
V α1, α2, α3 Tissues containing collagen I 
VI α1, α2, α3, α4 Most connective tissues 
VII α1 Anchoring fi brils 
VIII α1, α2 Many tissues 
XI α1, α2, α3 Tissues containing collagen II 
X α1 Hypertrophic cartilage 
XI α1, α2, α3 Tissues containing collagen II 
XII α1 Tissues containing collagen I 
XIII α1 Many tissues 
XIV α1 Tissues containing collagen I 
XV α1 Many tissues in the BM zone 
XVI α1 Many tissues 
XVII α1 Skin hemidesmosomes 
XVIII α1 Many tissues in the BM zone 
XIX α1 Many tissues in the BM zone 
XX α1 Many tissues, cancer cells 
XXI α1 Fetal tissues and blood vessels 
XXII α1 BM of myotendinous junctions 
XXIII α1 Lung, kidney, brain, tumor cells 
XXIV α1 Not fully investigated. 
XXV α1 Amyloid plaques 
XXVI α1 Testis and ovaries 
XXVII α1 Early development of many tissues. 
XXVIII α1 Dorsal root ganglia 
XXIX α1 Outer dermis, lung, gut 

Table modifi ed from Raghow et al, 2012. [20].
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Once it was felt that collagen provided structural support, only. However, collagen and collagen derived 
fragments control many cellular functions, such as cell shape and differentiation, cell migration and the 
synthesis of a number of proteins necessary for wound closure [16-19].
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